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Tom tit:

Cic két cau thang dirng nhw ¢t ing-ten, nha cao ting va thap tru thwdng rit nhay cam véi tac dong cia gio, giy ra
chuyén vi 16n do dao dong. Do ban chit phirc tap ciia gi6, viéc dwa ra mé hinh giai tich phu hop dé phan tich, danh
gia chinh xac cdc dap wng khi dong lyc hoc cia két cau manh 1a rat khé khin. Nhirng tiéu chuédn hién hanh cung
cap nhiéu mé hinh khéc nhau dé tinh toin cac dap ng cia két cau do tac dong cua gio nhung bi gi¢i han (r cac gia
thiét co ban. Bai bio nay gidi thiéu mgt moé hinh giai tich mé rong dé tinh toan dap urng chuyen vi ciia két cAu manh
thang du’ng theo phuong tac dong cia gio, trong d6 c6 xét dén cac tac dong ciia cac thanh phan khac nhau ctia dong
roi khi quyen Vi du so cho két cau thuce té s&é minh hoa cho phan ly thuyet va chi ra nhirng han ché trong cac cach

tinh toan pho bién.

Tir khéa: dao dong, dong rdi, két cAu manh, khi dong lwc hoc, phwong gié tic dong.

Chi s6 phén loai: 2.1

Dat van de

Céc két cau manh thing dtmg vai nhiéu dac diém va chirc ning
khéc nhau di va dang duoc xdy dung ¢ khip noi trén thé gidi, tao
thanh mot phﬁn cua di san van hoa va kién trac nhan loai. Tam
quan trong cta cac két céu nay da dat ra van dé vé su an toan va
bao tri cua no. Do yéu cau kién trac, cong nang str dung va nhing
tién bg trong khoa hoc vat liéu, cac két cau ngay cang cao, cang
thanh manh. Rat nhidu nhiing nghién ctru vé dao dong va dap tmg
dong cua két cAu manh thing dimg do tac dong cua gié da duoc
thyc hién trén co s ké thira cac két qua nghién ctru ctia nganh khi
dong luc hoc trong linh vyc hang khong, 1a nhitng chu dé chinh
ctia nhitg nghién ciru dugc phat trién trong linh vyc ky thuat gi6
hon 60 ndm qua. Nhiéu phuong phap duoc thiét 1ap dé tinh toan
d4p tmg cua két cdu manh chiu tac dong cua gio, bao gdm: cong
thitc toan hoc, phuong phap giai tich, phuong phap s, thi nghiém
bang him gi6 ciing nhu thi nghiém toan dién...[1]. Uu diém cua
nganh ky thuat gié 1a viéc sir dung chung nhiéu phwong phap dé
cho ra dugc mot két qua hoi tu chinh xac. Céc thi nghi¢m nay dong
vai trd quan trong trong viéc kiém chimg va hoan chinh 1y thuyét
tinh todn dya trén cac mo hinh va nhiéu gia thiét don gian hoa,
cung cap cac 10i giai thuc té, ciing nhu gop phan tién luong nhimg
vén d& méi 6 thé phat sinh trude thi cong.

Viéc nghién ctru vé dap tmg cia gié theo phuong tic dong
(along-wind), dic biét 1a nhimg két ciu thing dimg (vi du nhu toa
thap, nha choc troi, cot dién, cot ang-ten...) di dwoc bat dau tién
hanh tr thép nién 1960 nho sy dong gop tién phong cua Davenport
[2, 3]. V6i cac nghién cuu nay, cac tac gia da tinh cac dang dao
dong co ban va chuyén vi trung binh theo phwong tac dong ciia gio.
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Nhiéu mo hinh sau nay da dugc dé xuat dé cai tién nhiing nghién
cuu cua Davenport. Tuy nhién, cac nghién cuu nay van chua hoan
thién.

Céc tiéu chuan thiét ké hién hanh sir (dung nhiéu mo hinh khéc
nhau dé tinh toan cac dap tmg cua két cau do gi6 theo phuong tac
dong [4, 5]. Trong do, thanh phan dong rbi vudng goc voi phuong
tac dong thuong bi bo qua [6, 7]. Diéu nay gitip cho céc k§ su thiét
ké co duoc nhimg cong thire don gian hon trong viée tinh toan timg
xtr cta két cdu do gi6. Tuy nhién, n6 c6 thé dan t6i két qua thiéu
chinh xac vi cac thanh phan cua dong rdi déu c6 thé tac dong dén
chuyén vi theo phuong tac dong.

Xuat phat tir nhimg nhan xét ¢ trén, nghién ctru ndy nham
muc tidu giai quyét nhimg han ché cua cc nghién ciru trude vé
viée tinh toan chuyén vi theo phuong gi6 (along-wind) cua két
cau manh théng dimg. Bén canh do, bai bao s& m¢ rong cac md
hinh Iy thuyét trudc dy thong qua viée xét cac thanh phan dong
khi r0i thuong bi bo qua trong cac nghién clru va cac tiéu chuan
thiét ké chong gio. Ly thuyét phan tich phd dap tmg chuyén vi sé
dugc ap dung dé xay dung cac cong thire tinh dap tmg chuyén vi
ciia két cu. Phuong phép s6 s& dugc dung trong viée tinh toan, ap
dung ly thuyét cho két cdu cy thé. Ly thuyét & xuét duoc minh
hoa bﬁng vi du sb cho mot cong trinh thyc té va chi ra nhiing han
ché ctia cac md minh dang dugc sir dung. Xét trong bdi canh Viét
Nam, viéc nghién ciru nay can thiét vi ngay cang c6 nhiéu nha cao
téng dugc xay dung va cac két cAu manh nhu cot ang-ten, cot dién,
thap truyén hinh. .. rat pho bién. Nhimg két cau nay rit nhay cam
v6i gi6 va c6 bién d9 dao dong 16n. Do do, viéc tinh toan thiét ké
chéng gi6 cho céc két cau nhu vay cin dugc chinh xéc hon dé dam
bao an toan cho két cu.
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Abstract:

Slender vertical structures such as tall buildings, antenna
masts, and towers are very sensitive to wind actions that
give rise to large dynamic response. Due to the complex
nature of wind turbulence, it is complicated to model
analytically the wind-induced responses of slender
structures. Current wind codes provide different models
to evaluate dynamic responses but are limited to basic
assumptions. This paper presents a general formulation
to evaluate the buffeting displacement of slender vertical
structures in the along-wind direction, considering the
effects of different turbulent components. An application
for a real structure will illustrate the theory and point
out the limitation of conventional approaches.
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Noi dung nghién cifu

MGé hinh tinh todn ddp irng chuyén v

Xem xét mot ké"g cau manh thang dimg co chidu cao H, bé
rong don gio b, co tict dién bat ky nhu hinh 1 trong hértruc toa Q(f)
Decartes Oxyz. Tryc z tring v6i huong cua truc ket cau. Két cau
chiu tac dong cua gi6 ¢6 van toc tire thoi U (z, 1) voi goc tic dong
¢ c6 thanh phén vén toc trung binh U (z) cung huéng vdi truc x.
Doi vai két cau thang ding, U (z, 1) c6 thé duge biéu dien boi [2]:

U(z,t) =U(z)+u'(z,t)+v'(z,t) (1)
trong do, u '(z, 1) 1a thanh phén r6i theo phuong tic dong U (2);
V' (z, ) 1a thanh phan roi theo phuong vuong goc voi phuong tac
v' (2, f) dong (cross-wind), ¢ 1a thoi gian.

Phuong trinh chuyén dong ciia hé theo phuong tic dong cua
gio [8]:

i () + @

D.(z,t)=D_+D' 3)
trong d6 D, 1a lyc gi6 trung binh tac dong theo phwong x; Dx 14 luc

()= .0,)
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gi0 theo phuong x gy ra boi dong r6i; Vla chuyén vi theo phuong
x; V1 van toe theo phuong x; /7 1a gia toc theo phwong x; k 1a do
cung; ¢ la hé sd can; m 1a khoi luong cua hé.

YA

Hinh 1. Chuyén vi theo phwong tac dong cuia gié 1én tiét dién mot
ket cau.

Ap dung gia thiét tinh dimg trong dao dong (quasi- steady
theory) va U(z)>>u(t), U(2) >>v'(¢), luc tic dong clia gi6 nhur
sau [2]:

D, = %prZ (2)ey @)
D'X :D’xu+D'XV (5)
D' = pUEbeu O+ U =e, 0 ©

trong d6 ¢, va c, lan luot 1a hé so khi dong hoc day (drag) va hut
(lift); ¢' la dao ham ciia hé s6 khi dong hoc dédy tuong tng goc
tac d@ng, p 14ty trong ciia khi quyén.

Do vdy, dbi voi két céu tuyén tinh thi chuyén vi c6 thé duoc
phan tich thanh:

V(z,0)=V(2)+V (z,1) (7)

trong d6 V(2) va V'(z,¢)la thanh phin chuyén vi gay ra boi
D.(z) va D' (z,1).

Gia thiét bé mat nham dia hinh dong nhét tai vi tri dang xét;
phan tmg ciia két cau van con trong giai doan dan hdi tuyén tinh;
dang dao dong riéng dau tién 1a anh huong dang ké nhét; cac dang
dao dong riéng con lai (bac hai tro 1én) xem nhu tdc dong khong
dang ké. V(z) c6 céc két qua nhu sau:

_ [Dewe:

V(z)==2

L ®)
M,(27zn,)

V'(z,¢) 1a ham ngdu nhién theo thoi gian. Néu xem gi0 la mot
qué trinh ngdu nhién c6 tinh dimg, dong nhit va ergodic thi cac gia
tri nay c6 thé dugc xir 1y theo 1y thuyét dao dong ngau nhién dugc
rut ra tu cac gia tri phuong sai [1]:

ol (z) = j S, (n)dn 9

trong d6 ¥,(2)1a dang dao dong riéng thir 1 cua két cau; n, la
tan 6 riéng ciia két cau ¢ dang dao dong riéng thir I M, 1a khoi
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luong twong tmg dang dao dong thir 1; S, (n) 1a pho dap mg cua
V'(z,t) trong mién tin sb; o2 (z)la phuong sai ciia chuyén vi
theo phuong x.

Ap dung 1y thuyét phan tich theo pho, S, () c6 thé dugc tinh
toan nhu sau:

5,(n)= j l{ phe,) U
[fsries
I

+{prcL

22)'//1( )‘//1(22) ( Zz,n)}dzdzz

+ )U(Zz)% (2w, (Zz)Sw(Zl’Zz;n)}dzldzz (10)

)U<zz)wl<z1)wl<z2>sw<z1,zz;n>}dzldzz

trong d6 S, (z,,2,51) 1a phd cua thanh phan r6i a’, b’, véi (a,
by=(u, v).

Déi v6i két cu thing dimg thi thanh phan dong r6i u, v hau
nhu khong tuong quan (non-correlated) vi nhau theo [2]. Do do,
cong thure (9) dugc viét lai thanh:

O-?iﬁgz):az( )(Z)+O'2( )(Z) (1D
Ui(uw(”“f"@;ﬁ‘{("ﬂ ») Wil () Wl )} L, (12)

T ]| I|4[pb(c -« U oS (zl,zz;n)szldzzdn (13
000
Ly thuyét tinh gid tri cyc dai cta chuyén vi dugc cho bdi [8].
Gia tri cuc dai cua phuyén vi t@i d9 cao z s€ bang tong chuyén vi
trung binh va chuyén vi 1én nhat ¢ do cao do:
Vi (2) =V (D) + g -0 (2) (14)

trong d6 8xla hé sé dinh (Peak factor) theo phuong tic dong x,
xac dinh boi ly thuyét phan bo cuc tri tiém can.

Ham phé cia cdc thanh phc"in dong réi

Ham pho S, (2,,2,;1):

Pho gio § cua thanh phan réi u”duoc cho boi [2, 9, 10]:
Sz, 23m) =coh,, (2,2, n)\/Su (z,1)-8,(2,,1)

(15)

trong d6 S, (z,n) 1a phd van toc gi6 cia thanh phan rdi theo
phuong x tai d cao z; iliti,, z, z, n laham ge‘in két (coherence
function) cua S (z,,n) va S,(z,,n).

4y U;

S, (z,n) =—"—z—
e (16)
_kU@®) (17)

" n(z/ z,)
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1200 ‘n (18)
U(10)
z —Z
COhuu(aldﬁZ; ):exp{_ xu( 1> 2 )%} (19)
2nc H
K b ; :+ 2
xu(zl 4 n) U(Zl)+U(ZZ) ( 0)

trong d6 U, 1a van toc nham bé mat duoc didu chinh tir van toe
nhédm (g véi dia hinh ddng co U., véi ty s6 U./U., duoc tra
bang theo [8]; k, 1a hang s6 Karman; Z ola chidu cao nhdm bé mat
dia hinh; ., 12 hé s tic dong theo phuong dimg theo phuong tac
dong cuia gio; U(0) 13 van tdc gio trung binh tai cao d6 10 m.

Ham phé S,,(z,,2,;n):
Phd gi6 S, ctia thanh phén rdi v' duge cho boi [2,9,10]:
S,(z1:23m) = coh, (2,238, (z,,n) - S, (zm)  (21)
177 U?
S,(z,n) = m (22)
r=2* 2
7o (23)

iiill,, z z, n tinh twong ty nhu {iiti,, z z, #n trong cong thic
(19).
Vi du sé

Ly thuyét d& xuat néu trén duoc ap dung dé tinh toan dap tng
khi dong luc hoc cua cong trinh ni tiéng “Endless Column” &
Romania chiu tc dong cua tai trong gi6 [11] nhu hinh 2. Bang 1
va 2 tom tat céc thong sb két cu ki thudt chinh, bang 3 mo ta cac
thong sb cua gi6 tac dong va dia hinh.

Hinh 2. C6t Endless Column.
(Ngudn http://www.romania-insider.com/)

2]
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Bang 1. Thong sb két ciu thap Endless Column [11].

Ky hiéu Gia tri
Chiéu cao két cau: H (m) 29

B4 rong mit don gio: b (m) 0,9
Khéi lwong cong trinh: M (tin) 31

Tén s6 dao dong riéng thir 1: n, (Hz) 0,513
Dang dao dong riéng thir 1: v, (2) (z/L)+7

Béng 2. Hé s6 khi dong lwc hoc twong ing géc tac déng [11].

Goc tac dong ¢ 0° 5 45"
G 1,093 1,087 1,503
c, -0,0014 -0,159 0,020
&% 0 -0,060 0,062
Bang 3. Thong sb gi6 va dia hinh [11].
Ky hiéu Gia tri
Ty trong khi quyén p (kg/m?) 1,225
Chiéu cao nham dia hinh z,(m) 0,05
Ham vén téc gi6 trung binh (7 (H) 6 (Z) (x/H)O’“
Van tée gi6 tac dong U (2) (m/s) 0~40
Hé s tic dong C_, 7
Hé sb dinh g 35
Két qua va thao luan

Hinh 3, 4, 5 lan lugt thé hién sw bién doi cla céc gia trj
O (H)s Oy (H)VA o (H) tai dinh cong trinh z=H
tuong Umg ¢ cac hudng tac dong cua gio 0°, 5, 45° khi U(H)
thay d6i. O hinh 3 vdi hudng gi6 twong img goc tac dong bang 0°,
giatri Sy né}n gan tring v6i gid tri O ¥ (ary gt oy, r‘ét nho
khong dang ké. Trong khi d6, theo hinh 4 véi goc tac dong bang 5°,
o @ van toe U(H) =0~ 30 m/s
nhung khi U (H)> 30 ~ 35 m/s thi gid tri 0, lai bat dau vuot
1én 16n hon. Nhan xét nay tuong ty nhu ¢ hinh 5 véi goc tac dong

gid tri Oy, nho hon gid tri 07y

(uu

bing 45°. Tir d6 ¢6 thé nhan thay vai tro ciia cac thanh phan rdi u”’

va v’ dbi voi chuyén vi két cau. O van toc gi6 cang 16n thi vai tro
ciia u’ cang dang ké. Nguoc lai, & van toc gio nho va vira phai, vai
trd cta v’ 1a quan trong. Thanh phan nay thudng bi bo qua trong
cac tiéu chuan chdng gi6.
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Hinh 3. D6 chéch cua chuyén vi tai dinh két cau & géc 0°.

L L

0 5 10 15

20 25 30 35 40
U(H) (m/s)
Hinh 4. D6 chéch ctia chuyén vi tai dinh két cau & goc 5°.
» 0,04
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Hinh 5. D6 chéch cuia chuyén vi tai dinh két ciu & goc 45°.
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Hinh 6, 7 so sanh chuyén vi tai dinh két cau & goc 0 va 45° tinh
theo phuong phap cua bai bao va nghién ctru cua Solari [11], cling
v6i thap Endless Column va céc thong s vé gi6 va dia hinh di néu
& trén. Nghién ctru [11] chi xét dén anh huong ciia thanh phan dong
khi réi theo phuong gi6 u’ (longitudinal turbulent component) dén
chuyén vi theo phuong tac dong ciia gi6 va bo qua cac thanh phan
khac ciia dong r6i. Két qua so sanh cho thdy chénh léch khong
d4ng ké giita hai phuong phap. Didu d6 thé hién mirc do chinh xac
cua cac tinh todn trong nghién ctru nay. Mat khac, vai tro cla thanh
phén rdi theo phuong gio u” 1a dang ké ddi vi chuyén vi, trong
khi cac thanh phan khac ¢6 thé bo qua. Piéu nay hop 1y vi cac goc
0 va 45°1a céc truc ddi Xung cua tiét dién két cAu nén cac hé s6 khi
dong hoc ¢y va ¢, rat nho, lam cho chuyén vi do thanh phan rdi
v’ 1a khong déng ké nhu thé hién & phuong trinh (13). Ddi véi cac
goc khic ¢o €, va € 16n hon, vai tro ctia thanh phan dong r6i v’
d4ng ké hon nhu da thao luan 6 trén.

0,4
-v- Nghién ctru nay
o Theo[11]
03+
g
% 0,2 r
g
>
0,1
L L L L L L )
0 5 10 15 20 25 30

U(H) (m/s)

Hinh 6. So sanh gia tri cwe dai cGia chuyén vi tai dinh két ciu &
goc 0° gitra nghién ctru [11] va cua bai bao.

0,5
-v- Nghién ciru nay
_o- Theo[11]

0,31

o (M)

g
> 0,2 ¢

0 . . . . |
0 5 10 15 20 25 30

U(H) (m/s)

Hinh 7. So sanh gia tri cwe dai cGia chuyén vi tai dinh két ciu &
goc 45° giira nghién ctru [11] va cda bai bao.
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Két luan

Vi co s6 1y thuyét va vi du s6 dé cap, bai bao da gi6i thidu
cach tinh toan dap ng ctia két cau manh thang ding theo phuong
tac dong cua gio, trong do co xét day du vai tro cua cac thanh phan
dong roi theo cac phuong khac nhau.

Vi du sb ap dung cho két cAu thuc té da chi ra vai tro rat quan
trong cta thanh phan khi rbi theo phuwong vudng goc véi hudng
gi6. Dbi v6i két chu manh thang dimg, thanh phan nay thuong bi
b6 qua khi tinh dap tmg chuyén vi theo phuong tac dong trong cac
tiéu chudn tinh toan. Do do, viéc bo qua cac thanh phan khi rbi nhur
hién nay c6 thé dan t6i nhiing két qua khong chinh xdc trong viéc
tinh toan thiét ké két cau chdng gi6 va c6 thé anh huong bét lgi doi
voi su an toan cua két cAu.
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